RISK FACTORS in coronary heart disease,' a leading cause of death in middle-aged men, have been defined as including high blood pressure, obesity, elevated serum cholesterol, and cigarette smoking. While both epidemiological and postmortem studies have been extensive, these necessarily define a disease by the occurrence of some specific clinical or patho-anatomic signs. Relatively little work has been done where different tentatively predisposing factors are directly related to the actual extent of vascular changes in the living subject.
The development of a safe method of coronary angiography,2 giving pictures of such quality that minute changes can be depicted, has made it possible to study these interrelations in patients. This method also allows continuous follow-up of the changes in the coronary arteries to determine reduction of risk factors, as when elevated serum lipids or obesity is improved or arterial hypertension successfully treated. Clinical Material (Tables 1 and 2) The study comprises 224 patients, 173 males and 51 females.
As lipid parameters were to be evaluated, patients on lipid-reducing therapy or diet were treated separately, as their pretreatment lipid values were not always accessible and values during treatment obviously could not be used.
The largest and most informative group comprised 135 men not on lipid-reducing From Medical Service I, and Roentgen Diagnostic Department I, Sahlgrenska sjukhuset, University of Goteborg, Goteborg, Sweden. This study was supported by grants from the Swedish Oleomargarine Manufacturers and from the Swedish Association Against Heart and Lung Disease. 888 therapy. The 38 males on a lipid-reduction regimen were considered to have had elevated cholesterol values before treatment. They were, therefore, added to the category of males with cholesterol levels above the upper limit of normal, conventionally set at 280 mg/100 ml. In some of these patients the indication for therapy was anginal pain rather than elevated cholesterol. As there is a close correlation between typical anginal pain and anatomic changes of the coronary arteries,2 As more than one condition was present in some patients, only the most important is given. Precordial pain was the main reason for study in 86 of the 224 patients, while 33 had had clinically certain myocardial infarction. Hyperlipidemia per se (comprising both hypercholesterolemia and hyperglyceridemia) was the main indication in 39 cases. Also included were 36 hyperlipidemic patients with severe precordial pain or previous myocardial infarction or both, or with these conditions in combination with a positive family history.
Essential hypertension with cardiac enlargement was present in only 11 patients. Twenty-six patients were examined because of cardiac arrhythmias of different kinds (atrial flutter, fibrillation, or paroxysmal tachycardia). Cardiomyopathy, including cases of previous perimyocarditis, was the main reason in 13 patients (partly because of a suspicion of coronary heart disease), while neurotic heart disease formed the indication in 10 patients. Diabetes mellitus was found in four, and mitral disease in two patients only.
The female series was small and will be analyzed only briefly in the present communication. Methods Cholesterol determinations were performed by Liebermann-Burchard reaction as described by Cramer and Isaksson,3 and glyceride-glycerol according to Carlson.4 The molar weight of triolein, 885.4, was used to transform glyceride values from mM/L to mg/100 ml. All blood samples for these determinations were drawn in the morning after a 12-hour fast.
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The angiographic examination was performed by the Paulin method,2 with a special loop-end catheter introduced through a femoral artery and placed immediately above the aortic cusps. The contrast material (Urografin, 76%) was injected with a high-pressure injector at a rate of 30 ml/sec during approximately 11 seconds. No general anesthetic was used, nor were any drugs given or manipulation practiced which might affect heart action. Grading of arterial changes followed Paulin's criteria.
No Changes (Fig. 1) Both main coronary arteries were opacified at approximately the same time and to an equal extent. Contrast medium transport rate was about the same throughout the whole coronary tree. Arterial walls were regular throughout and no local changes in caliber were visible. Arteries were distributed uniformly over the whole heart, and no region was devoid of vessels.
Moderate Changes (Figs. 2 and 3)
This group comprises the Paulin categories "irregular vessel walls" and "stenosis without delayed filling." Mural changes were seen as irregularities at least in some part of the coronary tree. If narrowing of the lumen was present, it did not noticeably delay transport of the contrast medium.
Severe Changes (Fig. 4 ) Changes leading to narrowing of the arterial lumen resulted in delay in peripheral vessel segments. Such changes correspond to Paulin's categories "stenosis with delayed filling" or "occlusion."
The following data are correlated to the degree of arterial changes:
1. Age of patient at time of angiographic examination.
2. Diastolic blood pressure defined as the first hospital reading after admission for angiography. This reading will be best compared with "casual blood pressure" of epidemiological investigations. In all instances the figures refer to the brachial artery, and a Recklinghausen sphygmomanometer was used. 3 duction of their consumption in the period 1958-1960 were assigned to the higher-consumption class. Consequently the final classification was in principle founded on the smoking habits in 1958.
Three classes were defined: (a) nonsmokers, in-eluding smokers who stopped smoking before 1958; (b) moderate smokers, consuming less than 20 cigarettes a day after 1958; and (c) heavy smokers, consuming 20 cigarettes a day or more after 1958. The relation of moderate to heavy male smokers was 2.3:1. Both groups have been treated together in the majority of the calculations. The percentage of male nonsmokers was 30, which is somewhat lower than the average for an unbiased sample of men born in 1913,5 in which the percentage was 44.
The first coronary angiograms in the series were perfoimed in 1961, which means that at least 3 years had elapsed since the smokers had stopped smoking.
Results

Males Age and Diastolic Blood Pressure (Fig. 5)
The axes intersect at age 50 and between diastolic blood pressure readings of 95 and 100 mm Hg. There were 103 men aged 50 or less, while 70 were aged 51 or more. Of the 103 in the younger group, 33 showed normal arteries, while the frequency in the older group was 14 of 70 (20%). There was no significant difference in these frequencies when tested by chi-square test (X2=2-471). Total mlcales, plotted accordinig to age and diastolic blood pressure. Circles denote patients put otn lipid-reducing therapy or diet; squares, patients, without such th1erapetutic mi1eastures. of arterial changes were found when the normal arteries were compared with severely damaged arteries in the respective groups: 33 normal to 46 severely damaged in the younger group, 14 normal to 37 severely damaged in the older group (X2 2.168).
Distribution of patients around the limit between 95 and 100 mm Hg diastolic blood pressure was less symmetrical, with only 39 patients in the group with higher pressures. Frequency of coronary arterial changes were here also not significantly different between classes, either when normal cases were compared with the whole group with coronary changes (x2 =1.600) or when the comparison was made with the group with severely damaged arteries (x2 = 1.357).
Weight-Height Index
Distribution of coronary changes within the lowest and highest quartiles of the weight index is summarized in table 3. Frequencies were similar in both groups, and obesity, as expressed by this index, was thus not correlated with coronary changes. The limits of the quartiles were found at 1.00 + 0.08. Serum Lipids (Fig. 6) In this diagram, cholesterol was plotted along the vertical axis, and glyceride-glycerol along the horizontal axis. The axes intersect at 280 mg/ 100 ml for cholesterol and 1.8 mM/ L for glycerides, these limits being set as conventional upper limits of normal for the region. Median values for the material were 276 mg/100 ml for cholesterol and 1.48 mM/L for glycerides. Arterial obstruction interfering with blood flow (black symbols) was found in all quadrants, including the lower left quadrant where both lipid parameters were below the preset limits. Arterial changes without delayed peripheral 
Figure 6
Males not on lipid-reducing therapy or diet, plotted according to values for serum cholesterol and serum glyceride glycerol. Axes intersect at arbitrary upper limits for normal: 280 mg/100 ml for serum cholesterol and 1.8 mM/L (corresponding to 160 mg/100 ml) for serum glycerides. Table 4 shows the significance of these distributions, tested by chi square. No significant difference in distributions was found regarding cholesterol values and arterial changes, while elevated glycerides were found in higher frequency (P<0.05) among those with severe coronary changes.
As the limits 280 mg/ 100 ml and 1.80 mM/L are more or less conventional, the two extreme quartiles of the distributions for serum lipids were tested for their frequency of coronary changes ( Table 7 shows the distribution of coronary changes within the different groups of smokers in the patients with no lipid reduction and in the total male material. Preliminary calculations showed no differences between the different kinds of smokers (moderate and heavy); therefore, all smokers were tested against all nonsmokers.
In the patients with no lipid reduction, a higher rate of severe arterial damage was found in smokers than in nonsmokers (P < 0.05). In the total material the influence of smoking was more definite, being significant in comparison between normal versus all changes (P <0.01), as well as between normal versus severe changes (P <0.001). How- ever, a certain degree of covariation existed between smoking and serum cholesterol, the median cholesterol value for nonsmokers being 235 mg/ 100 ml and in smokers 270 mg/ 100 ml. This is in accordance with earlier findings.7
The influence of smoking in the different cholesterol classes has therefore also been tested in table 7, lower part, where the group with cholesterol values above 280 mg/ 100 ml has been augmented with those on some therapy.
Smoking habits show an influence on the degree of arterial changes in both groups, the difference in rate of coronary changes not being significant only when patients with low cholesterol and normal coronaries are compared with those of the same cholesterol group with severe arterial changes.
The same test of the frequencies of coronary changes in patients with different glyc-eride levels is shown in table 8. In the group with glycerides below 1.80 mM/L, severe changes were more common in smokers than in n-onsmokers (P < 0.05). The same tendency was seen in the group with glycerides above 1.81 mM/L, but this group was too small for statistical calculation. Table 9 lists the frequency of coronary changes in the group with low cholesterol as well as low glycerides.
Females
All the foregoing calculations for males were also performed for females. No specific trend could be observed, and no higher frequency of coronary changes was observed with increasing serum lipids or from smoking. The size of the sample makes calculations inconclusive.
Discussion The statement, "man's life cycle is such that direct observation of the morbid anatomical and clinical course is not possible" has been used to justify epidemiological research on the pathogenesis of ischemic heart disease.8 However, the recent development of safe techniques for coronary arteriography in man and of many relevant clinical and laboratory tests has made it possible to study the anatomy of the coronary arteries in the living individual and to correlate the amount !of alterations with clinical appearance and laboratory findings. Thus, it is now possible to avoid the uncertainty inherent in studies where the end-point of assessment is sudden death, the clinical picture of myocardial infarction, or the electrocardiographic picture of silent infarction. Much of the wide difference of opinion between various workers in this field is due to the lack of definition of the target for study. The use of acute death, or clinical signs of cardiac infarction, as in the Framingham study, ought to give another result than when death rates in heart disease in large population groups are compared. Still more variation must be expected when the study is confined to the extent of atheromatous changes of the aorta or the coronary arteries Circulation, Volume after death. It is obvious that these different objects for study cannot have the same relation to other parameters studied, such as blood lipids, blood pressures, and electrocardiogram, or to environmental factors such as diet, exertion, and nervous tension.
In the present study, clinical and laboratory findings have been correlated with the results obtained with coronary angiography. Although this method-like postmortem angiography-cannot give any information on the exact nature of a pathological process in the vessel wall, it seems to be a reliable indicator for the detection of obstructive changes within the extramural coronary artery tree. Comparative studies2' 9, 10 have shown that definite clinical signs of ischemic heart disease are almost exclusively found in cases with severe obstruction in one or more of the large coronary arteries in the coronary angiogram. Moreover, and in conformity with other correlative studies 11-1 between retrospectively evaluated clinical findings and postmortem investigations, it also could be shown that uncharacteristic or absence of clinical signs of ischemic heart disease do not exclude the presence of advanced pathologieal changes in the extramural arteries.
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Angiographic classification based on the evidence of demonstrable wall irregularities or obstructive changes within the coronary arteries must, therefore, be superior to the clinical diagnosis of coronary heart disease to detect any possible correlation between clinical or laboratory findings and the state of the coronary arteries.
The Clinical Material
In all patients examined in this study, some reason for coronary angiography was present. While the apparent harmlessness of the ex-amination2 has made the criteria for selection rather wide, it can never be stated that the present series would mirror the population as a whole or even a general hospital population.
In the clinical material some patients with cardiomyopathies, valvular heart disease, or arterial hypertension are included. There is no reason to exclude them from the analysis of the relation between such factors as blood lipids or smoking habits and changes in the coronary arteries, as similar laws must govern this relation in patients with myocardial disease as in other patients. The few cases of hypertensive heart disease included in the present study make it unsuitable for any conclusion regarding the effect of high blood pressure on the coronary arteries in man. This should be made the target for a special study. It is thus natural that some disturbances are overrepresented; others appear less frequent. It might be expected that the lipid factor would be rather overstressed in the results. This is in part counterbalanced by the fact that many patients with hereditary hyperlipidemias often showed such advanced criteria of coronary heart disease that angiography was regarded as useless. It is impossible to define how these factors influence the results and the conclusions drawn, a fault common to most hospital studies. In general, all results should, therefore, be regarded as trends related to the hospital population and shouild not lead to far-reaching generalities.
Age
The median age of the group, 50 years, is the age when coronary heart disease begins to reach clinical importance. In spite of the rather wide age span, age as such did not give any overrepresentation of coronary changes. There is overwhelming evidence that coronary heart disease increases with increasing age. Oliver and associates,17 in a similar study, correlating coronary artery calcification with different other data, found a pronounced increase of such calcification with age in a group of patients with clinically overt coronary heart disease, and also in "healthy" control patients. The lack of such increase in this series is due to the fairly large number of young patients with evidence of vascular changes (70 of 103). It is natural that age influenced the selection of patients for investigation: the younger the patient with chest symptoms, the more informative coronary angiography was judged to be. This selection brings, however, the considerable profit that the influence of other factors could be judged without regard to age.
Blood Pressure
The asymmetrical distribution of blood pressures, with only one fifth of the patients showing values over 95 mm Hg diastolic, makes comparison of the frequencies difficult. Accumulating evidence from epidemiological studies and prospective studies1 demonstrates the importance of an elevated blood pressure as a bad prognostic sign.
Oliver and associates17 found an increase of coronary calcification in patients with diastolic blood pressure of 100 mm Hg or higher, a trend especially obvious in young patients. The lack of a higher frequency of coronary changes with elevated blood pressure here is probably caused by the selection. There is in this series an overrepresentation of individuals with normal blood pressures but with coronary changes. This could possibly be explained by a decrease in blood pressure following myocardial damage. It is also evident from table 2 that hypertension as the main reason for coronary angiography was rare Circulation, Volume XXXII, June 1966 896 CORONARY ANGIOGRAPHIC FINDINGS (eight of 173). Hypertension was also infrequent in connection with precordial pain or previous infarction in this series.
A separate study will be conducted in which more patients with hypertension will be added to this series.
Obesity
The weight-height index used gives only little information on obesity, but calculations on the extreme quartiles should show at least any existing trend. As such a trend was not present, the weight of the individuals was not taken into consideration in further estimations of different factors.
The absence of overrepresentation of coronary changes in obese persons is at variance to the findings of the Framingham study,'8 in which 30% overweight gave doubled incidence of myocardial infarction.
The presence of only few patients in the present study with such extreme overweight cannot be expected to show enough changes for statistical evaluation. The quartiles represent the patient population lying outside a deviation of ±8% of "normal" weight, if an index of 1.0 is regarded as normal.
Serum Lipids
When discussing the influence of serum lipids, two previous studies should be regarded. Paterson and associates19 have correlated the autopsy findings in males, 60 to 69 years of age, with their serum lipid values in vivo. A direct comparison with the present study is not possible, partly because of the higher age of their series, partly because of the high degree of selection, all their patients suffering from mental diseases. They demonstrated no correlation between total serum cholesterol, serum cholesterol/phospholipid ratio, or Gofman's "atherogenic index," and coronary artery changes. Oliver and coworkers,17 correlating fluoroscopically observed coronary artery calcification with total serum cholesterol, found no significantly higher relation of such calcification to higher cholesterol levels.
The present material agrees with that of Oliver and co-workers. Radiology does not Circulation, Volume XXXIII, June 1966 reveal the same sort of changes however, calcification occurring separately from, and generally later than, the intima irregularities found by angiography. The studies of Paterson, Oliver, and associates, and the present study all fail to show any strong relationship between serum cholesterol and coronary heart disease. When patients with initially high cholesterol values, put on a lipid-reduction diet presumably over a long period, are added to the group with cholesterol levels higher than 280 mg/100 ml, a certain overrepresentation of coronary changes is found with higher cholesterol levels. This may, however, also be due to the fact that lipid reduction has been most successfully tried in those patients exhibiting symptoms of anatomic changes.
The difference in incidence and prevalence of coronary heart disease in the Framingham study when related to cholesterol values is also in agreement with the present study regarding the prevalence of coronary changes at varying cholesterol levels.
An important finding is the overrepresentation of coronary changes with increasing serum glycerides. This is the more evident when the extreme quartiles of the distributions are compared. This corroborates the finding of Albrink and Man20 and of Carlson21 of higher glycerides in survivors of myocardial infarction, and indirectly also the theories of the Gofman22 team concerning the "atherogenicity" of glyceride-rich lipoproteins of Sf classes higher than 12. At present there is no similar study correlating serum glycerides to the state of the coronary arteries in vivo, nor any correlation between serum glycerides in vivo and postmortem findings.
Smoking
Among factors responsible for the development of coronary artery disease in smokers, the influence of smoking on serum lipids23-27 has attracted most interest. In most studies smokers show higher fasting levels of lipids than do nonsmokers. The epinephrinelike effect of nicotine leads to a mobilization of free fatty acids, which has been shown 897 to reach higher levels in survivors of myocardial infarction than in others.28 It has been tempting to conclude that smoking acts on the coronary vessels by elevating the lipid level in plasma or raising the plasma level of catecholamines or both.
Other explanations have been sought, however, such as a difference in personality between smokers and nonsmokers. Although no definite conclusion apparently has been reached in spite of many studies,29 an interplay between personality selection and other factors cannot be ruled out. There is also evidence that living habits and diets of smokers differ from those of nonsmokers,30' 31 and energetic defense of the theory of development of coronary atherosclerosis as part of an antigenantibody reaction in smokers has been made.32 Difference in coagulation mechanisms between smokers and nonsmokers also has been defined. 33 4 The overrepresentation of coronary heart disease within smokers in the present study is of particular interest, as it was unexpected. The relation of lipid values to coronary changes might introduce a bias, as hyperlipidemia per se constituted at least a partial indication for coronary angiography. The same does not apply to smoking, which in no case was defined or taken into consideration when the patient was investigated. The findings are in agreement with those of Auerbach and asso-ciates35 who related postmortem changes to previous smoking habits in patients.
The importance of smoking in the present series seems to be far more dominant than that of serum cholesterol and equals or exceeds that of serum glycerides. The influence of smoking, tested in the groups with different lipid values, was found to be important, and an influence of smoking only through elevation of lipids appears less likely. It is of special interest that the influence of smoking in the total group judged to have high cholesterol levels was significant. This indicates either that the combination of elevated cholesterol values and smoking especially damages the coronary arteries, or that hypercholesterolemia, provoked by smoking, is more noxious than other forms of cholesterol elevation.
The experience from the combined materials of the Framingham and Albany studies36 demonstrates a higher frequency of myocardial infarction with heavy cigarette consumption, while no correlation between angina pectoris and smoking habits is found. The figures for smokers in that material, however, are a function of those for heavy smokers, consuming more than 20 cigarettes a day, and the data for moderate smokers are not significantly different from those of nonsmokers. The sample in the present report is too small to allow similar comparisons between different categories of smokers. Doyle and associates36 stated that "chronic hemodynamic or morphologic vascular changes attributable to tobacco usage or to nicotine, with the possible and controversial exception of thromboangiitis obliterans, have not been demonstrated," referring to the critical scrutiny of the concept of "Buerger's disease" by Wessler and co-workers. 37 Kannel38 attributed the effect of smoking to the vasopressive effect of nicotine, "which triggers the lethal events in subjects with already existing coronary atherosclerosis either in clotting or in myocardial irritability,"' adding, "There is no evidence that cigarette smoking is related to the development of the underlying atherosclerotic process."
The present study is at variance with many of the findings in the Framingham study, partly due to the use of roentgen anatomy as signs of coronary disease instead of the more indirect means of overt illness or death. It indicates a more direct causative role of smoking in atherogenesis, partly refuting the above statements. Evidently, an exacerbation of this process may be caused by prolonged smoking which would explain why former smokers show the same frequency of myocardial infarctions as nonsmokers,39 while the reasons for the equal frequency of angina pectoris in smokers and in nonsmokers remain obscure. If smoking is to be considered as a strong atherogenic agent, the cessation of smoking might even be connected with a Circulation Volumie XXXIII, June 1966 898 CORONARY ANGIOGRAPHIC FINDINGS regression of atherosclerotic lesions. Serial analysis by coronary angiography may be useful to demonstrate such a process.
Summary
Radiological findings by coronary angiography in 224 patients, 173 males and 51 females, were graded according to the rate of filling of coronary arteries and to the presence or absence of obstruction of vessel lumen. The material was then grouped according to age, diastolic blood pressure, serum total cholesterol, serum glycerides, and smoking habits.
Age and diastolic blood pressure were not found to have any influence on frequency of coronary artery changes, presumably because of selection of patients.
In the males, elevated total serum cholesterol had only a minor influence on the frequency of coronary artery changes, while elevated glycerides were found in high frequency in patients with obstructed coronary arteries, especially in those with severe obstruction. If patients put on lipid-reducing therapy or diet were added to those with serum cholesterol higher than 280 mg/ 100 ml, a slight overrepresentation of coronary changes was found when compared with patients with total serum cholesterol equal to or lower than 280 mg/100 ml. The influence of elevated total serum cholesterol was in all instances inferior to that of elevated serum glycerides.
Smokers showed the frequency of coronary changes the same as or higher than patients with elevated glycerides. The influence of smoking was evident also within classes of low or elevated serum lipids.
While all conclusions must be interpreted with reference to the material selected as the source of our data, the importance of smoking as a causative agent independent of serum lipids appears conclusive.
